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REMARKS 

Rejection Under 35 USC 103 

Claims 1, 2, 4-6, 8, 9, and 1 1 have been rejected under 35 USC 103(a) as being 
unpatentable over Kagaya (EP 0727653) in view of Grow et al. (EP 0281251). More 
specifically, the Patent Office states: 

Kagaya teaches a device and method for sampling feces. The device includes a 
main container (13) which holds a sample collecting stick (15) with a brush 
portion (18) on the end. The brush is submerged in a liquid (12) that is contained 
in the lower portion of the main container (13)... "feces can be collected by rolling 
the brush over the feces."... Kagaya, then, teaches the collection of a fecal 
sample and the placing of that sample into a collection container where it is 
mixed with a liquid... Grow et al. teach methods for testing samples derived from 
fecal material... It would have been obvious to one of ordinary skill in the art to 
combine the assay steps of Grow with the collection steps of Kagaya. 

In response, Applicant respectfully traverses this rejection. A fundamental difference between 
the method for collecting a faecal sample which is defined in the claims of the present 
application, and the assay kit of this invention, lies in an essential technical feature of the 
present invention which is the use of a sampling device such as a brush "having flexible or 
semi-flexible bristles", which enables a sample of fluid surrounding the faecal material to be 
obtained, optionally after "brushing" the surface of the material, as described at page 6 lines 
24-29 and page 7 lines 20-27 of the present specification. Accordingly, whilst the brush or 
brush-like device defined in the present claims may be used to "paint" the surface of the 
stool so as to displace any blood on the surface of the stool into the water surrounding the stool 
(as described at page 6 lines 23-24), the sample which is contained is not a sample 
collected by directly contacting the brush with the faeces (as in Kagaya), rather it is a sample 
of the fluid surrounding the faecal material. Thus, the sampling device of the present 
invention in which the brush or brush-like device has flexible or semi-flexible bristles, 
collects a fluid sample within the bristles of the sampling device in a semi-quantitative 
manner, as the amount of fluid held within the interstitial spaces of the bristles of the sampling 
device will be a reasonably constant amount for any particular size and configuration of 
the sampling device (see page 7 lines 13-18). The essential technical feature of the present 
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invention is the use of the sampling device with flexible or semi-flexible bristles which collects 
a fluid sample in a semi-quantitative manner, preferably, but not essentially, after use of the 
sampling device to "paint" the surface of the faecal material. 

Clearly, in the device taught by Kagaya, the "brush (18)" taught by Kagaya does not 
have "flexible or semi-flexible bristles" such that a fluid sample collected within the bristles of 
the sampling device is collected in a semi-quantitative manner within the interstitial spaces of 
the bristles of the sampling device as described in the present application. In fact, the brush 
portion (18) of the device shown in Figures 1 and 2 of Kagaya is described as having a plurality 
of brush hairs (20) which are fixed "so that external shape formed by connecting tips of brush 
hairs is approximately in cylindrical shape" (see column 3 lines 41-46). As 
acknowledged by the Examiner, in the device taught by Kagaya, the brush portion (18) is 
designed so that "faeces can be sampled by rolling the brush over the faeces" (see column 3 
lines 47-49). Thus, the device described by Kagaya is a device for collecting a sample of 
faeces and not a device for collecting a fluid sample in a semi-quantitative manner, as 
described in the present application. Accordingly, Kagaya does not disclose or teach the use 
of a brush or brush-like device as recited in the present claims in which a fluid sample is 
collected within the flexible or semi-flexible bristles of the device. Furthermore, Grow etal. 
does not contain any disclosure or teaching which, if Kagaya was to be read in view of this 
document, would provide any disclosure or teaching of features which are not taught by 
Kagaya. 

The device taught by Kagaya is a device which is designed for stool sampling and 
would not work effectively for collection of a sample of fluid which has been contacted with 
faecal material as recited in the present claims. Applicant respectively submits that sampling a 
fluid such as water around the stool, the brush or brush-like device of the present invention 
obtains a sample that is representative of the whole stool, as blood from the whole stool is 
released into the water. In contrast, the stool sampling device taught by Kagaya samples only 
a small part of the stool and the sample is therefore not representative of the whole stool. 
This is a significant disadvantage as blood released in small amounts from early neoplasia may 
only be striped or spotted on the stool and may be missed as taught by Kagaya. Such 
devices, therefore, require multiple samples to be taken. The effectiveness of the use of a 
brush or brush-like device having flexible or semi-flexible bristles as taught in the present 
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application is surprising insofar as it provides equivalent sensitivity with only two fluid 
samples when compared with a comparative immunochemical test using six stool samples 
from three stools. This comparison is described in the enclosed paper by Young et al. (2003) 
which discloses a pre-screening evaluation of the brush-sampling technique of the present 
invention (referred to as InSureTM) relative to a traditional spatula-sampling test which 
confirms that the use of a brush-sampling method in accordance with the present invention is 
as sensitive and specific as the traditional spatula-sampling method, and is highly preferred in 
use. 

To more specifically define the invention of Claim 9 over the prior art, Applicant has 
amended Claim 9 to include the phrase "wherein a fluid sample may be collected within the 
bristles of the brush or brush-like device". Basis for this amendment may be found in claims 1 
and 6, and elsewhere throughout the present specification. 

Additionally, Claims 3 and 10 have been rejected under 35 USC 103(a) as being 
unpatentable over Kagaya (EP 0727653) in view of Grow et al. (EP 0281251) and further in 
view of Hori et al. (US Pat. No. 5,460,781). More specifically, the Patent Office states: 

Kagaya and Grow. . .teach every element of claims 3 and 1 0 except for the 
specific bristle length. Hori et al. teaches a hemoglobin sampler for use with 
stool samples for clinical tests. The device securely samples occult hemoglobin 
with water content... It would be obvious ...to combine the fiber dimensions from 
the sampler of Hori with the combined brush teachings of Kagaya and Grow... 

In response, Applicant respectfully submits that the device taught by Hori et al. is not a brush or 
brush-like device having flexible or semi-flexible bristles wherein a sample of fluid may be 
collected in a semi-quantitative manner within the bristles of the brush or brush-like device. 
Accordingly, Hori et al. does not contain any disclosure or teaching of the features which are 
not taught by Kagaya and Grow et al. 

Additionally, Claims 8 has been rejected under 35 USC 103(a) as being unpatentable 
over Kagaya (EP 0727653) in view of Grow et al. (EP 0281251) and further in view of Schreiber 
et al. (US Pat. No. 5,264,181). More specifically, the Patent Office states: 

Schreiber teaches the detection of occult blood fecal matter using a guaiac 
test... It would have been obvious... to perform the guaiac test from Schreiber to 
determine the presence of blood in a fecal sample. One would perform the 
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guaiac test as an additional check for blood material in the fecal sample in 
combination with the assay materials used in Grow. 



In response, Applicant respectfully submits that Schreiber does not teach the use of a brush or 
brush-like device having flexible or semi-flexible bristles in the collection of a fluid sample in a 
semi-quantitative manner within the bristles of the brush or brush-like device. Accordingly, 
Schreiber does not contain any disclosure or teaching of features of the present invention 
which Kagaya and Grow et a/, fail to teach. In conclusion, Applicant respectfully submits that 
the present invention provides a simple and effective method of collecting a fluid sample 
associated with faecal material in a semi-quantitative manner, and which is both novel and non- 
obvious in the light of the prior art documents cited. 



In light of the above amendment, consideration of the subject patent application is 
respectfully requested. Any deficiency or overpayment should be charged or credited to 
Deposit Account No. 500282. 



Summary 



Respectfully submitted, 



Kevin M. Farrell 
Attorney for Applicants 
Registration No. 35,505 
(603) 433-6300 



Portsmouth, NH 
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Objectives: To undertake a prescreening evaluation of a new brush-based faecal immunochemical test 
for haemoglobin, relative to a traditional spatula-sampling immunochemical test. 
Methods: Setting: Patients aged between 24 and 90 years, scheduled to undergo diagnostic 
colonoscopy in two major urban hospitals, for a range of clinical indications. Design: Patients sampled 
three stools using a spatula for the reference FlexSure® OBT test and two stools using a brush for the 
InSure™ test; order of sampling was randomised. Faecal haemoglobin was quantified by a modified 
InSure in a subset of patients to determine whether brush-sampling allowed discrimination between 
groups. Main outcome measures: Sensitivity for cancer or adenoma; false-positive rate in normals. 
Faecal haemoglobin levels. Preference for sampling method. 

Results: InSure and FlexSure OBT did not differ in their sensitivities for cancer (27/36, 75% vs 29/36, 
80.5%, respectively), adenomas ^10 mm (12/29, 41 .4% vs 13/29, 44.8%) or adenomas <10 mm 
(each 8/56, 14.3%). Likewise, false-positive rates in normals were similar: 4/179 (2.2%) and 5/179 
(2.8%) respectively (specificities of 97.8% and 97.2%, respectively). Levels of faecal haemoglobin 
were highest in those with cancers; those with adenomas had intermediate levels which were also 
significantly higher than those in normals. The brush sampling method was preferred by 38/46 
(82.6%), while 4/46 (8.7%) preferred the spatula (p<0. 00001). 

Conclusions: InSure is as sensitive and specific as FlexSure OBT for faecal haemoglobin. The novel 
stool-sampling method of InSure allows discrimination between normals and classes of neoplasia, and 
is highly preferred. The brush-sampling faecal immunochemical test InSure should now be evaluated in 
a screening population. 



INTRODUCTION 

The type of faecal occult blood test (FOBT) used in the 
randomised controlled trials of screening 1-4 for colorectal 
cancer has previously been the guaiac-based test 
Hemoccult®. Guaiac detects the peroxidase activity of haem 
(and other peroxidases in the stool) but may be subject to 
false-positive and false -negative results brought about by 
certain dietary components, vitamin supplements and 
drugs. 5 " 8 It also uses a wooden spatula for sampling faeces. 9 
Recently, new technologies for sampling faeces and detecting 
occult blood have become available. 10 These are based on 
antibody detection of blood and use a range of technological 
means, including tagged red cell agglutination, latex aggluti- 
nation or immunocapture technologies where reagents dif- 
fuse across a membrane, to provide the result. If these new 
technology FOBTs simplify testing and so increase participa- 
tion, they should be used for population screening. 

Human globin can now be detected using an analytically 
specific antibody. 1112 These faecal immunochemical tests for 
globin provide several advantages. 1314 They are unaffected 
by diet or drugs, 6 - 8 are selective for occult bleeding of 
colorectal origin and do not detect occult gastric bleeding. 1 516 
As a class of test for faecal occult blood, immunochemical 
tests also provide improved sensitivity for colorectal cancer 
without major compromise of specificity 17 when compared 
with guaiac tests. Where the sensitivity of guaiac tests was 
increased, specificity was adversely affected unless interfer- 
ing dietary factors and drugs were restricted. 1,5 * 18 " 20 However, 
such restrictions created a significant barrier to participation 
in screening. 20 " 24 



The method for sampling faeces has also been varied in an 
attempt to overcome aversion to sampling faeces 2S ~ 28 The 
spatula-sampling method is not liked, and its accuracy is better 
when used to sample a stool kept clear of toilet bowl water 29 
Newer immunochemical tests use non-spatu!a sampling 
methods to simplify sampling, using devices such as probes, 
spoons or brushes. 30-32 One of these, the brush-sampling 
method, does not require the stool to be kept clear of toilet bowl 
water. It might therefore be more acceptable to screenees who 
are relatively averse to handling faeces. While the immuno- 
chemical class of test has been well evaluated in screening set- 
tings, 10 the brush-sampling method has not and requires 
comparative evaluation with a spatula-sampling method 
before more extensive testing in population screening. 33 

Thus, we undertook a prescreening evaluation of a new 
brush-sampling test (InSure™) relative to a traditional 
spatula-sampling test (FlexSure® OBT), in patients scheduled 
to undergo diagnostic colonoscopy. Patients sampled three 
stools for the FlexSure OBT test and two stools for the InSure 
test; test order was randomised. In addition, we also adapted 
the InSure test to a quantitative format, to determine whether 
it is able to discriminate between normal subjects and those 
with different stages of neoplasia. We reasoned that for a sam- 
pling method to be valid, it should show such discrimination. 

MATERIALS AND METHODS 
Study population 

Patients seen at the two institutions were considered for 
inclusion in the study if they were scheduled for diagnostic 



www.jmedscreen.com 



Journal of Medical Screening 2003 Volume 10 Number 3 



1* 

or surveillance colonoscopy in a high-risk program, during 
the period January 1999 to August 2001. To be eligible, they 
had to be capable of following instructions, able to sample 
stools, and not be taking any drugs able to cause gastro- 
intestinal bleeding. They were ineligible if they had a known 
colonic disorder likely to cause bleeding (except neoplasia) 
or had previously undergone colorectal surgery. The goal 
was to study at least 100 patients with neoplasia, one-third 
of whom had cancer; this was reached when 524 consenting 
patients had met these conditions 

Faecal occcult blood tests 

Invitees were asked to complete the screening tests accord- 
ing to each manufacturer's instructions and to return 
samples to the study site at, or prior to, the time of 
colonoscopy. No dietary or drug restrictions were recom- 
mended. The order for faecal-sampling by each test type was 
specified after prior randomisation. 

FlexSure OBT (Beckman Coulter Inc., Palo Alto CA, USA) 
is an immunochemical test with analytical characteristics 
comparable with those of Immudia-Hem Sp (Fujirebio Inc., 
Tokyo, Japan) and the now discontinued Heme Select 
(Beckman Coulter Inc.) 34 (also see product inserts). Invitees 
were asked to sample each of three stools (one card per 
stool), keeping the stool clear of toilet bowl water and using 
a spatula similar to that for Hemoccult. This was used as the 
reference test for comparison as the US Food and Drug 
Authority (FDA) had approved FlexSure OBT as an appro- 
priate comparator for new immunochemical tests on the 
basis of information provided to it by the manufacturers of 
FlexSure OBT. 

InSure (Enterix Inc., Portland ME, USA) is a new 
immunochemical test approved by the FDA. Like FlexSure 
OBT, it uses membrane technology and immunolabelled 
colloidal gold to detect haemoglobin, and diet and drug 
restrictions are therefore unnecessary. It uses a different 
approach to faeces sampling, and requires sampling from 
two rather than three stools. The invitee is asked to sample 
the stool by briefly brushing its surface while it is immersed 
in toilet bowl water. The brush retains an approximately 
constant volume that is transferred by dabbing it onto one of 
two windows of the sample card. The second stool is 
separately sampled onto the other window. 

Development and follow-up 

Tests were developed by the authors (SC, BC, BB and MS) 
according to manufacturers' directions, after instruction 
from the manufacturers and proficiency testing. Positive 
controls were included for each test batch. 

If any stool sample for a given test returned a positive 
reaction, the overall result for that test was considered 
positive. Diagnosis was ascertained from colonoscopy and 
pathology reports. Colonoscopists and pathologists remained 
unaware of the results of the FOBTs and they reported their 
findings without reference to the authors. 

When more than one adenoma was present, adenoma 
location was defined as the site of the largest lesion. 

For results to be successfully analysed, faecal sampling 
must have been performed within the eight-week period 
before the colonoscopy or between colonoscopy and 
surgery, and diagnostic evaluation of the colon must have 
been considered complete by the proceduralist. In addition, 
stool sampling must have been performed correctly and kits 
must have been stored and developed within the time limits 
set by each manufacturer for each test (i.e. from time of 
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sampling faeces to development). If a sample card was not 
returned in time to meet this limit, the participant was 
excluded from the study. 

Quantification mode 

To verify the sampling method for InSure, a quantitative 
imaging methodology was used to measure faecal haemo- 
globin in a random subset of cases recruited between June 
1999 and June 2000. Colour images of the InSure test strip 
window were captured using an Elmo charged coupled 
device digital camera (Plainview, NY, USA) and analysed 
with proprietary software routines developed in partnership 
with CSIRO Mathematics and Statistics Division (Sydney 
NSW, Australia). To determine a relative faecal haemoglobin 
level, each test strip was scored by measuring the intensity 
ratio (IR) of the haemoglobin test line signal relative to an 
internal control line signal, where a value of 1.0 indicated a 
test with an intensity equal to the control line. Intensity ratio 
values were log-normalised and compared between those 
with cancer, adenoma, or normal colonoscopy by t-test 
using Excel 97 software (Microsoft Corp., USA). 

Survey of test preference 

Test preference was assessed in a subset of 46 subjects 
randomly selected for a structured telephone survey. All 
were asked by telephone, within six weeks of performing 
sampling, which test they preferred and why. 

Outcome measures and analyses 

Primary analyses were conducted on data from those 
participants in whom neoplasia was found or in whom the 
colon/rectum was normal. A normal colon/rectum was 
defined as absence of benign or malignant disease. Those 
found subsequently to have benign colorectal disorders at 
colonoscopy were divided into those with haemorrhoids, 
those hyperplastic polyps and no other pathology, those 
with diverticular disease and no other pathology, and those 
with other benign disease (including multiple diagnoses). 

Primary aim 1 

To determine and compare test sensitivities for cancer, test 
positivity rates in those with cancer were compared by 
paired 2x2 analysis with calculation of 95% confidence 
intervals (CI) of the difference. 35 

Primary aim 2 

To determine and compare test sensitivities for adenomas 
(sizes <10 mm or 5*10 mm, test positivity rates in those with 
neoplasia were compared by paired 2x2 analysis with 
calculation of 95% CI of the difference. 35 

Primary aim 3 

Specificity was calculated for each test from 1 -false positive 
rate in those with a normal colon and rectum and compared 
by paired 2x2 analysis with calculation of 95% CI of the 
difference. 35 

Secondary aims 

Test positivity rates were determined and compared by % 2 test 
(using SPSS for Windows release 10.0.5 software [SPSS Inc., 
1999] Chicago, USA) in those with benign pathologies, 
specifically haemorrhoids, hyperplastic polyps or diverticular 
disease. Test preference rates were determined and compared 
by the same method. 
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Ethical approval was received in December 1998 from the 
Research and Ethics Committees of the Repatriation General 
Hospital Daw Park (number 42/98), and from the Clinical 
Research and Ethics Committee of The Royal Melbourne 
Hospital Research Foundation (number 2000.026). The 
research ethical guidelines of the National Health and 
Medical Research Council of Australia were followed. 

RESULTS 
Recruitment 

Of those consenting to the study, 443 met all the require- 
ments of the study, including complete colonoscopy. At 
colonoscopy, the following pathological outcomes were 
found: cancer, 36; adenoma, 85; normal examination, 179; 
haemorrhoids, 20; diverticular disease, 63; hyperplastic 
polyps, 15; and other miscellaneous benign pathologies, 45. 
The demographics of these participants are described in 
Table 1. 



Table 1 Demographic characteristics of patients in the 
various diagnostic categories 



Colonic diagnosis 


Age (years) (median, range) 


Gender (M:F) 


Normal 


59 (28-90) 


76:103 


Cancer 


67 (45-81) 


26:10 


Adenoma s>10 mm 


67 (31-83) 


19:10 


Adenoma <10mm 


68 (24-86) 


35:21 


Haemorrhoids 


64 (34-84) 


10:10 


Hyperplastic polyps 


57 (50-79) 


10:5 


Diverticular disease 


68 (38-84) 


30:33 



M, male; F, female. 
Sensitivity 

Table 2 shows the results for each test in each diagnostic 
category. Table 3 shows the results of paired comparisons. 

Table 2 Test positivity rates by colonoscopic diagnosis 



Number positive/total cases for diagnosis 



Coses for diagnosis 



InSure 



FlexSure OBT 



Normal 
Haemorrhoids 
Diverticular disease 
Hyperplastic polyps 
Cancer, all 

Proximal 

Stage A or B 
Adenomas 1 0 mm, all 

Villous or rubutoviltous 
Adenomas <10 mm 



4/179 (2.2%) 
3/20 (15%) 
8/63 (12.7%) 
0/1 5 (0%) 
27/36 (75%) 
6/8 (75%) 
16/21 (76.2%) 
12/29 (4K4%) 
8/15 (53.3%) 
8/56 (14.3%) 



5/179 (2.8%) 
6/20 (30%) 
4/63 (6.3%) 
0/15 (0%) 
29/36 (80.5%) 
6/8 (75%) 
16/21 (76.2%) 
13/29 (44.8%) 
8/15 (53.3%) 
8/56 (14.3%) 



Sensitivity for cancer 

For cancer, the sensitivities of InSure, at 75%, and of 
FlexSure OBT, at 80.5% {Table 2), were not significantly 
different (Table 3). 

Subcategorising cancers by stage, there was no difference 
between tests for cancers of stage A or B; sensitivities of 
76.2% were found for each. Likewise, subdividing cancers 
by location, proximal or distal to the splenic flexure, there 
were no differences in sensitivity; for proximal cancers, 
sensitivities were 75% for each test; and for distal cancers, 
sensitivities were 75% for InSure and 82.1% for FlexSure 
OBT. 



Table 3 Concordance between paired results for each 
diagnostic category 



FlexSure OBT 



Normals 



Positive 



Negative 



InSure 



Positive 
Negative 



4 

170 



Difference 0.6%, 95% confidence intervals (CI) of difference -2.7% to 3.8%. 

FlexSure OBT 

Haemorrhoids 



Positive 



Negative 



InSure 



Positive 
Negative 



1 

13 



Difference 15%, 95%CI of difference -5.9% to 35.9%, 

FlexSure OBT 

Diverticular disease Positive 



Negative 



InSure 



Positive 
Negative 



5 

54 



Difference 6.3%, 95%CI of difference -1 .1 % to 1 3.8%. 

FlexSure OBT 



Cancers, all 



Positive 



Negative 



InSure 



Positive 
Negative 



25 
4 



Difference 5.6%, 95%CI of difference ■ 



Adenomas > 1 0 mm 



-7.7% to 1 8.8%. 
FlexSure OBT 



Positive 



Negative 



InSure 



Positive 
Negative 



3 
13 



Difference 3.4%, 95%CI of difference - 



Adenomas <10 mm 



14.4% to 2 1.3%. 
FlexSure OBT 



Positive 



Negative 



InSure 



Positive 
Negative 



4 

44 



Diffei 



re nee, zero. 



Sensitivity for adenomas 5*10 mm 

For these larger adenomas, sensitivities of InSure, at 41.4%, 
and of FlexSure OBT, at 44.8% (see Table 2), were not 
significantly different (Table 3). Subcategorising adenomas 
by degree of villous change (see Table 2) did not reveal any 
significant differences. Sensitivity for proximally located 
larger adenomas was equal (Table 2). 

Sensitivity for adenomas < 1 0 mm 

Both tests returned a sensitivity of 14.3% for adenomas <10 
mm (Table 2). 

Specificity 

False-positive rates in normals were 4/179 (2.2%) and 
5/179 (2.8%) for InSure and FlexSure OBT, respectively 
(specificities were 97.8% and 97.2%, respectively) (Table 2). 
The results were not significantly different. 

Test positivity rates in presence of benign pathologies 

Positivity rates for InSure and FlexSure OBT are shown in 
Table 2 for benign conditions, i.e. haemorrhoids, diverticular 
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disease and hyperplastic polyps. For FlexSure OBT, the 
positivity rates were significantly higher in those with 
haemorrhoids than in normals (x 2 =20.6, p<0.0001) but not 
in those with diverticular disease compared with normals 
(X 2 =0.80, p=0.37). For InSure, the positivity rates were 
significantly higher for both those with haemorrhoids 
<X 2 =5.3, p=0.022) and diverticular disease (x 2 =8.72, 
p=0.004) than in normals. 

Concordance in test results 

Table 3 shows the concordance between results for all 
diagnostic categories. The highest degree of concordance for 
positive results was seen for cancers (25/31, 80.6%); 
progressively lower rates were seen in those with large 
adenomas (9/16, 56.3%), small adenomas (4/12, 33.3%) or 
no pathology. 

Validity of sampling method 

Figure 1 shows quantitative measures of faecal haemoglobin 
in subjects with normal colon, adenomas or cancer. 
Respective mean intensity ratios are 0.011 ±0.002, 
0.095±0.040, and 0.295±0.049 standard error of the mean. It 
can be seen that those with cancers had the highest levels of 
bleeding (p=0. 00003 vs normals and p=0.002 vs adenomas). 
Those with adenomas had intermediate levels, significantly 
higher than normals (p=0.039) although showing overlap 
with them, and significantly lower than those with cancer. 
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• Cancer 
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Figure 1 Quantification of haemoglobin in subsets of patients 
within selected diagnostic categories: normal colon and rectum, 
adenomas or cancer. Faecal haemoglobin levels are shown as 
arbitrary units. An intensity ratio of 0.03 represents the 95th 
percentile for normals and corresponds to approximately 750 \ig of 
haemoglobin per litre of toilet bowl water. 



Test preference 

Thirty-eight of 46 subjects preferred InSure, four preferred 
FlexSure OBT and four had no preference (x 2 =22.9, 
p<0.00001). The reasons given were always that the 
nominated test was easier, except in two subjects: one 
considered the brush method to be more hygienic, and the 
other felt more certain that a satisfactory sample had been 
obtained using the spatula. 



DISCUSSION 

The demonstrated impact on mortality of screening using 
guaiac FOBTs 1 " 4 is limited for two main reasons: test 
sensitivity and willingness of invitees to perform the test, i.e. 
to participate. In UK and Danish trials of biennial screening 
with Hemoccult, mortality was reduced on an intention-to- 
screen basis by 15% and 18%, respectively, with participa- 
tion rates of a little over 50%. 2,3 The sensitivity of Hemoccult 
in these studies was reported as 65.6% 36 and 46.6%, 37 
respectively. Improving either or both would enhance the 
value of screening at the population level. 53 

Immunochemical tests, especially if combined with a 
more acceptable faecal sampling method, may provide these 
improvements. However, prior to formal evaluation in 
population studies, it is necessary to undertake prescreening 
validation in a clinical setting that demonstrates at least 
equivalence with existing technologies. 38 

By studying a population in two major urban hospitals, 
scheduled to undergo diagnostic colonoscopy for a range of 
clinical indications, we were able to show comparable 
sensitivity and specificity for the brush-sampling Insure 
when compared with the FDA-approved reference test 
FlexSure OBT. 

This type of prescreening evaluation has been conducted 
for several pre-existing tests for blood in faeces. These have 
demonstrated differences between several guaiac tests, 19 
between guaiac and immunochemical tests, 19 ' 34 - 39 - 40 and 
between several immunochemical tests. 41 * 42 This type of 
study uses clinical populations in which colonoscopy is 
indicated because of symptoms; cancers are thus more likely 
to be relatively advanced (stage C or D). Such studies might 
therefore over-estimate sensitivity for the stage of cancer 
prevalent in screening populations, as earlier stage cancers 
bleed less. 38 Nonetheless, they are useful for testing 
equivalence to existing tests in a setting where there are no 
ethical issues arising from poor specificity or sensitivity. 38 In 
similar clinical settings, the sensitivity of FlexSure OBT for 
cancer has been observed to be 70-8 5%, 34 39 which com- 
pares well with this study. 

Both tests returned similar sensitivities for adenomas. 
The lower sensitivity of both FlexSure OBT and Insure for 
adenomas compared with cancers is consistent with results 
from all studies in which FOBTs have been used to address 
this question. 10 In the present study, we observed an 
acceptable level of sensitivity (over 40%) of both tests for 
larger adenomas. This is in keeping with an earlier study 
which found immunochemical tests to be more sensitive 
than guaiac tests for adenomas, 19 although this has not 
been a consistent observation with immunochemical tests. 34 
The poor sensitivity of both tests for small adenomas in our 
study is again in keeping with previous studies. 10 The 
importance of detection of small adenomas is unclear, 43 and 
no study has directly demonstrated that their removal 
prevents cancer. 

Because the two immunochemical tests were compared in 
a paired setting, we were able to test for discordant results 
(Table 3). For cancers, 17% of positives were discordant 
compared with 24% for large adenomas. One would expect 
some discordance, since colorectal neoplasms are known to 
bleed intermittently 44 and the different sampling methods 
required participants to sample with each test on different 
days. These low rates of discordance, especially for cancers, 
suggest that intermittency of bleeding might not be a major 
issue for immunochemical tests. The Insure development 
card did not allow us to calculate day-by-day sensitivity 
relative to FlexSure OBT. Although the Insure test samples 
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only two stools, it provided the same sensitivity as FlexSure 
OBT. 

Immunochemical tests have specificity advantages over 
guaiac tests because they are unaffected by diet or drugs. 6 ' 8 
With guaiac tests, high intake of vitamin C, 7 administra- 
tion of non-steroidal anti-inflammatory drugs (NSAIDs), 8 
ingestion of plant peroxidases, or ingestion of haem from 
dietary blood and myoglobin (such as in red meats) 5 can 
affect accuracy. With immunochemical tests, there is no 
need to change diet or medication. 8 ' 6 ,9 Indeed, the speci- 
ficity of both tests in this study was excellent and met 
desirable standards easily for tests for colorectal cancer 
screening. 10 

The brush-sampling method is novel and appears to go 
against current recommendations that stools be sampled for 
blood from the surface while kept clear of toilet bowl 
water. 33 Nonetheless, the method is clearly valid since the 
quantitative results show good discrimination between 
normals and those with cancer. 

Aversion to manipulating faeces and inconvenience are 
some of the barriers to screening. 45 The simplification of 
sampling, either by sampling fewer stools or by making the 
sampling method easier or more acceptable, should address 
both inconvenience and faecal aversion. We observed an 
overwhelming preference for the brush-sampling method. 
This seems likely to present an advantage at the population 
level by improving participation. 

There are possible disadvantages of the sampling method 
for Insure, such as urine contamination and interference by 
toilet bowl additives, but the manufacturer's instructions 
demonstrate that these should have only minimal effect. It is 
also possible that by sampling toilet bowl water around the 
stool, positives might be more likely in the presence of 
haemorrhoidal bleeding. However, there was no significant 
difference between the positivity rates for the two tests, 
demonstrating that the brush-sampling method does not 
lead to an excess of positives in the presence of haemor- 
rhoids. Both immunochemical tests gave more positives in 
those with haemorrhoids or diverticular disease than were 
seen in those with a normal colon and rectum. Technically, 
these are false-positives when screening for colorectal 
cancer. Differences in prevalence of these benign disorders 
might account for, or at least contribute to, differing false - 
positive rates between populations. 10 

CONCLUSION 

In this pre-screening evaluation, the brush-sampling 
immunochemical technology of the InSure test is shown to 
be as sensitive and specific as is the FlexSure OBT for faecal 
globin. The novel stool-sampling method is valid, based on 
its ability to discriminate between normals and classes of 
neoplasia. Our observations suggest that, in the context of 
population screening for colorectal cancer, individuals will 
be more willing to perform a brush-based faecal immuno- 
chemical test than one utilising the traditional spatula 
method for specimen collection. If so, this should lead to 
better detection of neoplasia in population screening. 

ACKNOWLEDGEMENTS 

FlexSure OBT cards were purchased from Beckman Coulter Inc 
(Fullerton CA, USA). Enterix Inc. (Portland ME, USA) provided 
InSure test kits. Grants from the Bushell Foundation and Enterix 
Inc. provided part support for salaries <SC, BB, CP, MS and BC). GPY 
is a consultant for Enterix Inc. We thank Mr Larry La Pointe of 
Enterix Inc. for assistance with the quantitative adaptation of 
Insure. Those providing financial support had no control over 



submission of the final manuscript, did not participate in data 
analysis and did not influence the conclusions reached. 

We are grateful to Dr Finlay Macrae and Mr Adrian Polglase for 
access to patients. 



Authors' affiliations 

Graeme P Young, Professor of Gastroenterology, Department of 
Medicine, Flinders University of South Australia, Bedford Park, SA, 
Australia, and Academic Head, Gastrointestinal Services, Flinders 
Medical Centre, SA, Australia 

D James B St John, Honorary Gastroenterologist The Royal Melbourne 
Hospital, Melbourne, VIC, Australia 

Stephen R Cole, Research Coordinator and Research Fellow, Bowel 
Health Service, Repatriation General Hospital Daw Park, SA, Australia, 
and Department of Medicine, Flinders University of South Australia, 
Bedford Park, SA, Australia 

Barbara E Bielicki, Medical Technologist, Department of 
Gastroenterology, The Royal Melbourne Hospital, Melbourne, VIC, 
Australia 

Catherine Pizzey, Research Nurse, Department of Gastroenterology, 

The Royal Melbourne Hospital, Melbourne, VIC, Australia 

Marc Sinatra, Medical Scientist, Department of Gastroenterology, The 

Royal Melbourne Hospital, Melbourne, VIC, Australia 

Adrian L Polglase, Professor of Surgery, Cabrini Monash University 

Academic Surgical Department, Cabrini Hospital, Malvern, VIC, 

Australia 

Bronwyn Cadd, Research Assistant, Bowel Health Service, Repatriation 
General Hospital Daw Park, SA, Australia 

Joylene Morcom, Research Nurse, Bowel Health Service, Repatriation 
General Hospital Daw Park, SA, Australia 

REFERENCES 

1 Mandel JS, Bond JH, Church TR, et at. Reducing mortality from colorectal 
cancer by screening for fecal occult blood. N Engl J Med 
1993;328:1365-71. 

2 Hardcastle JD, Chamberlain JO, Robinson MHE, et ai Randomised 
controlled trial of fecaloccult-blood screening for colorectal cancer, tancet 
1996; 348:1472-7. 

3 Kronborg O, Fenger C, Olsen J, et at. Randomised study of screening for 
colorectal cancer with faecalocculfrblood test. Lancet 1996; 
348:1467-71. 

4 Mandel JS, Church TR, Ederer F, ef al. Colorectal cancer mortality: 
effectiveness of biennial screening for fecal occult blood. J Natl Cancer 
Inst 1999;91:434-7. 

5 Macrae FA, St John DJB, Caligiore P, ef ai Optimal dietary conditions for 
Hemoccult testing. Gastroenterology 1982;82:899-903. 

6 Feinberg EJ, Steinberg WM, Banks BL, et al. How long to abstain from 
eating red meat before fecal occult blood tests? Ann Intern Med 
1990;113:403-4. 

7 Jaffe RM, Kasten B, Young DS, et al. False-negative stool occult blood 
tests caused by ingestion of ascorbic acid {vitamin C). Ann Intern Med 
1975;83:824-6. 

8 Greenberg PD, Cello JP, Rockey DC. Relationship of low-dose aspirin to 
Gl injury and occult bleeding: a pilot study. Gastrointest Endosc 
1999;50:618-22. 

9 Hemoccult* SENS A* Product Instructions. Fullerton CA: Beckman Coulter 
Inc., 2002. 

10 Young GP, St John DJB, Winawer SJ, ef a/. Choice of fecal occult blood 
tests for colorectal cancer screening: Recommendations based on 
performance characteristics in population studies. A WHO {World Health 
Organization) and OMED (World Organization for Digestive Endoscopy) 
report. Am J Gastroenterol 2002;97:2499-507. 

1 1 Adams EC, Layman KM. Immunochemical confirmation of gastrointestinal 
bleeding. Ann Clin tab Set 1974;4:343-9. 

12 Barrows GH, Burton RM, Jarrett DD, et al. Immunochemical detection of 
human blood in feces. Am J Clin Path 1 978;69:342-6 

13 Saito H, Tsuchida S, Fukushi M, et al. An immunological occult blood test 
for mass screening of colorectal cancer by reverse passive 
hemagglutination (RPHA). Jap J Gastroenterol 1984;81:2831-3. 

14 Young GP, St John DJB. Faecal occult blood tests: choice, usage and 
clinical applications. Clin Biochem Rev 1992;13:161-7. 

15 Young GP, St John DJB. Selecting an occult blood test for use as a 
screening tool for forge bowel cancer. Fronf Gastrointest Res 
1991;18:135-56. 

1 6 Rockey DC, Auslander A, Greenberg PD. Detection of upper gastrointestinal 
blood with fecal occult blood tests. Am J Gasroenterol 1999;94:344-50. 

17 Allison JE, Tekawa IS, Ransom U, ef al. A comparison of fecal occult 
blood tests for colorectal cancer screening. N Engl J Med 
1996:334:154-9. 

18 Adlercreutz H, Partanen P, Virkola P, et al. Five guaiac-based tests for 
occult blood in faeces compared in vitro and in vivo. Scand J Clin Lab 
Invest 1984;44:519-28. 

19 St John DJB, Young GP, Alexeyeff MA, ef al. Evaluation of new occult 
blood tests for detection of colorectal neoplasia. Gastroenterology 
1993;104:1661-8. 



www.jmedsaeen.com 



Journal of Medical Screening 2003 Volume 10 Number 3 



i2i 



20 Levin B, Hess K, Johnson C. Screening for colorectal cancer, a 
comparison of 3 fecal occult blood tests. Arch Intern Med 
1997;157:970-6. 

21 King J, Fairbrother G, Thompson C, ef ai Colorectal cancer screening: 
Optimal compliance with postal faecal blood test. Aust N ZJ Surg 
1992;62:714-9. 

22 Joseph A. Compliance with fecal occult blood testing: the role of 
restrictive diets. Am J Public Health 1988;78:839-41. 

23 Robinson MHE, Pye G, Thomas WM, et al. Haemoccult screening for 
colorectal cancer: the effect of dietary restriction on compliance. Europ J 
Surg Oncol 1994;20:545-8. 

24 Cole SR, Young GP. Effect of dietary restriction on participation in faecal 
occult blood test screening for colorectal cancer. Med J Aust 
2001;175:195-8. 

25 Weller DP, Owen N, Miller JE, et al. Colorectal cancer and its prevention: 
prevalence of beliefs, attitudes, intentions and behaviour. Aust J Pub 
Health 1995;19:19-23. 

26 Myers RE, Vernon SW, Tilley BC, et al. Intention to screen for colorectal 
cancer among white male employees. Prev Med 1998;27:279-87. 

27 Li T, Nakama H, Wei N. Reasons for non-compliance in colorectal 
cancer screening with fecal occult blood test. Eur J Med Res 
1998;3:397-400. 

28 Frew E, Wols ten holme J, Whynes D. Mass population screening for 
colorectal cancer: factors influencing subjects' choice of screening test. 
J Health Serv Res Policy 2001 ;6:85-91 . 

29 Ahlquist DA, Schwartz S, Isaacson J, et ai A stool collection device: the 
first step in occult blood testing. Ann Intern Med 1988;108:609-12. 

30 Nakama H, Fattah A, Zhang B, ef al. A comparative study of 
immunochemical fecal tests for detection of colorectal adenomatous 
polyps. Hepato-Gastroenterol 2000:47:386-9. 

31 Nakama H, Kamijo N, M'tyata K, et al. Sensitivity and specificity of 
several immunochemical tests for colorectal cancer. Hepato-Castroenterol 
1998;45:1579-82. 

32 Saito H, Soma Y, Nakajima M, ef a/. A case-control study evaluating 
occult blood screening with Hemoccufr test and an immunochemical 
hemagglutination test. Oncol Reports 2000;7:815-9. 



Young, St John, Cole, et ai 



33 Young GP, Macrae FA, St John DJB. Clinical methods of early detection: 
basis, use and evaluation. In: Young GP, levin B, Rozen P, eds. 
Prevention and early detection of colorectal cancer. London: WB 
Saunders, 1996: 241-70. 

34 Rozen P, Knaani J, Samuel Z. Comparative screening with a sensitive 
guaiac and specific immunochemical occult blood test within an 
endoscopy study. Cancer 2000;89:46-52. 

35 Gardner MJ, Airman DG. Confidence intervals rather than P values: 
estimation rather than hypothesis testing. BMi 1986;292:746-50. 

36 Whynes DK, Walker AR, Hardcastle JD. Cost-effective screening strategies 
for colorectal cancer. J Pub Health Med 1 992; 1 4:43-9. 

37 Rasmus sen M, Kronborg O. Upper gastrointestinal cancer in a population- 
based screening program with fecal occult blood test for colorectal 
cancer. Scand J Gastroenterol 2001 ;37:95-8. 

38 Young GP. Screening for colorectal cancer: alternative faecal occult blood 
tests. Eur J Gastroenterol Hepatol 1 998; 1 0:205-2 12. 

39 Rozen P, Knaani J, Samuel Z. Performance characteristics and comparison 
of two immunochemical and two guaiac faecal occult blood screening 
tests for colorectal neoplasia. Dig Oh Set 1997;42:2064-71 . 

40 Rozen, P, Knaani J, Samuel 2. Eliminating the need for dietary restrictions 
when using a sensitive guaiac faecal occult blood test. Dig Dh Sci 
1999;44:756-60. 

41 Nakama H, Fattah ASMA, Zhang B, et al. A comparative study of 
immunochemical faecal tests for detection of colorectal adenomatous 
polyps. Hepato-Gastroenterol 2000:47:386-9. 

42 Nakama H, Kamijo N, M'ryata K, ef al. Sensitivity and specificity of 
several immunochemical tests for cob recta I cancer. Hepato-Gastroenterol 
1998;45:1579-82. 

43 Atkin WS, Morson BC, Cuzick J. Long-term risk of colorectal cancer 
after excision of rectosigmoid adenomas. N Engl J Med 
1992;326:658-62 

44 Macrae FA, St John DJB, Relationship between patterns of bleeding and 
Hemoccult sensitivity in patients with colorectal cancers or adenomas. 
Gastroenterology 1982;82:891-8. 

45 Vernon S. Participation in cobrectal cancer screening: a review. J Natl 
Cancer Inst 1 997; 89: 1 406-22. 



Journal of Medical Screening 2003 Volume 10 Number 3 



www.jmedscreen.oom 



